The start date of PWN departure from M. alternatus fed directly was mainly 9 8 concentrated in the period 6-10 d after emergence, which thirty-six M. alternatus 9 9
accounted for 87.8% of the total. The start date of departure of PWN from M. 1 0 0 alternatus fed after a starvation treatment was mainly concentrated in the period 6-9 d 1 0 1 after emergence, which twenty-nine M. alternatus accounted for 78.4% of the total. There was no significant difference between the two treatments in peak period of 1 0 3 PWN start departure from beetles (P = 0.078).
1 0 4
These results indicated that the feeding behavior of M. alternatus had no 1 0 5 significant effect on the departure of PWN. It also suggest that the consequent 1 0 6 metabolic changes caused by feeding behavior and volatiles from pine twigs had no 1 0 7 effect on the departure of PWN (When the beetles were treated with starvation, they 1 0 8
were not stimulated by volatiles.). after emergence were easier to extracted (starvation beetles have the same results) 1 2 0 than the PWN carried by the newly emerged beetles (Table 2) . A higher proportion of 1 2 1 PWN being collected within12 h than from the newly emerged beetles (P＜0.01).
2 2
These suggests greater motility PWN were easier departure from M. alternatus. In the present study, feeding behavior of the beetles had no significant effect on 1 5 7 the PWN departure from M. alternatus. The results also indicated that volatiles of 1 5 8 pine and the metabolic changes of M. alternatus caused by feeding had no effect on and lipid fully degradation to produce large amounts of energy requires sufficient O2. high-O2 conditions. These indicated that the PWN were in a hypoxic environment in the early stage after alternatus. Greater motility showed that PWN had a strong metabolism and abundant oxygen to PWN. In summary, our view is that may be the respiration of the adult 1 9 6
beetle causes the increase in O 2 concentration in the trachea, which causes the 1 9 7
degradation of lipid to produce energy which increased the mobility of PWN, 1 9 8 eventually triggers the departure of PWN from insect host, with to avoid CO 2 1 9 9 (Bretscher et al., 2008; Wu et al., 2019) or to move toward high-O2 directions. The collected M. alternatus were divided into two groups and maintained in with the needles removed) immediately after collection ("direct feeding"), whereas 2 1 2 the second group was fed after a starvation period of 4 d (The mortality rate of the 2 1 3 beetle for more than 4 d was very high.). In the present study, 41 M. alternatus were 2 1 4 fed immediately and 37 were fed after a starvation period, the feeding of the beetles is 2 1 5
shown in Fig. 1 B. 2 1 6 2 1 7
Extraction and counting of PWN 2 1 8
The twigs (with the pine needles removed) of P. massoniana were replaced daily. The twigs had been fed by the beetles were cut into pieces and the PWN were 2 2 0 extracted using Bellman funnel method ( Baermann, 1917 water and treated in the dark for 10 minutes. Then the motility of PWN was observed videos were taken (Zeiss AxioCam HRc). Statistical analysis was performed using SPASS 19.0 (IBM, Armonk, NY, USA).
3 6
One-way analysis of variance (ANOVA) was used to analyze the differences of the 2 3 7 start departure time of PWN between M. alternatus feeding after starvation and direct 
